BEDNÁŘOVÁ, E., MERKLOVÁ, L.: A phenological study on European larch (Larix decidua Mill.) in the Drahanská vrchovina highlands. Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 2, pp. 13-20 The phenological study on the onset and duration of individual phenological phases of European larch (Larix decidua Mill.) has been performed using sample trees growing in the research station of the Faculty of Forestry and Wood Technology, MUAF Brno for altogether 15 years. This study involves also recording of meteorological data. In this region, the European larch is an introduced woody species and its share in the stand composition is approximately 8%. In European larch, the phenological stages have a markedly periodic character but they are also largely dependent on a complex of exogenous conditions, especially of climatic eff ects; this was corroborated also in studies on the phenology of other forest tree species growing in this region. Results of this phenological study demonstrated that the spring phenophases were infl uenced above all by air temperatures while the autumn ones were dependent, besides temperatures and precipitation, also on the duration of assimilation apparatus activities. The onset of breaking of needles occurred between Days 89 and the 110 of the calendar year. A full development of the assimilation area was reached between Days 125 and 150. The onset of individual phenophases was determined by threshold air temperatures, which were markedly diff erent in individual forest trees. This requirement could be expressed at best by the sum of eff ective temperatures (i.e. air temperatures above 5 °C). In the analysed fi een-year study period, the sum of eff ective temperatures for European larch ranged from 1 301.0 to 2 337.0 °C within the period delimited by dates of the fl ushing and 100-percent fall (abscission) of needles.
In the Czech Republic, the forest phenology has a relatively long tradition. Phenological data are an important source of information when monitoring and explaining life processes of plants and their dependence on environmental conditions. Although the onset and duration of phenological phases is genetically determined, their onset can be postponed by climatic factors so that the development of plants can be changed and, thus, disturbed. As far as the eco logical properties of woody species are concerned, phenological observations can help to characteri se a climatic region with an average length of growing season (HOFMAN, 1957; LUKNÁROVÁ, 2000) . They directly express and describe the dependence existing between the time course of growth and development of plants on the one hand and values of meteorological elements on the other (KUR-PELOVÁ, 1980) . The dependence of tree phenology on climatic signals is well established (LECHOWICZ, 1995; KRAMER, 1996) . Temperature has been found to be the best environmental signal for the tree to use for the optimal timing of the onset of growth. For determining the onset of developmental stages, o en the concept of temperature sum has been used (HÄKKINEN & HARI, 1988; KRAMER 1996 KRAMER , 2000 DIEKMANN, 1996 ; VAN VLIET et al., 2002) .
Temperature sum is the accumulated temperature above a certain thereshold value from a certain starting date, calculated by the progressive addition of mean daily temperatures (HAVLÍČEK, 1986; DIEK-MANN, 1996; BAGAR, KLIMÁNEK, 1999; BAGAR, NEKOVÁŘ, 2007) . For the calculation of temperature sums, most commonly a treshold value is used whitch defi nes the beginning of the thermal growing season, usually 5 °C. The temperature sum during the growing season is referred to as the eff ective temperature sum (TUHKANEN, 1980; HAVLÍČEK, 1986; LAPPALAINEN, 1994; DIEKMANN, 1996; BAGAR, KLIMÁNEK, 1999; BAGAR, NEKOVÁŘ, 2007) . In the fi rst half of the year, the date of the onset of individual phenophases is dependent above all on the exceeding of certain limit temperatures whilst those that occur in the second half of the year can be infl uenced by all environmental factors delaying and/or accelerating processes of ripening and ageing (senescence). Also in this case the temperature represents the most important because it infl uences the photosynthetic activity. Of other important factors it nutrient and water reserves and, above all, the eff ect diurnal photoperiod should be mentioned (LARCHER, 1988) .
The expected climatic changes and the associated eff ects of negative factors can infl uence the beginning and subsequent course of basic life processes of forest ecosystems (KRAMER, 1996) . With regard to possible climatic changes it is necessary to obtain further detailed data about growth processes of important woody species (both currently occurring and native) and -in connection with monitoring of forest stand microclimate -to contribute to the explanation of ecophysiological phenomena BAGAR et al., 2001 ).
MATERIAL AND METHODS
The phenological monitoring of European larch (Larix decidua Mill.) has been carried out in the study area of the Department of Forest Ecology, MUAF Brno since 1992. This site is situated in the Drahanská vrchovina highlands on a north-east to east slope of the dividing range in the altitude of 625 m above sea level below a short ridgy eluvium. Geographical coordinates of the study area are as follows: 16°41´30´´E and 49°26´31´´N. From the climatological point of view it is classifi ed as a moderately warm and moderately humid with a long-term avera ge annual temperature of 6.6 °C and with 683 mm on annual precipitation.
The phenological monitoring was performed regularly in 10 selected sample trees of European larch in the age of 6% years old. During the spring season, observations were performed 3 times per week while in summer and autumn only once per week. Individual phenological phases were evaluated using our own scale that was elaborated in cooperation with the Hydrometeorological Institute of the Czech Republic.
The following phenological phases are distinguished in this study: needle appearance 10%; beginning of foliage formation 10%; beginning of foliage formation 50%; beginning of foliage formation 100%; full foliage formation 100% (i.e. fully developed leaf area); butonization 10%; fl owering 10%; fl owering 100%; blossom fall 100%, lammas shoots; leaf yellowing 10%, leaf yellowing 100%, leaf fall 10%, leaf yellowing 100%. As the onset of each phenological phase that day was defi ned when at least one half of sample trees entered into the given phase. In the following analysis and evaluation each date of the onset of individual phenological phases was recorded under the serial number of the day in the calendar year. In individual years of the study period, the eff ective air temperatures were cumulated for each phenological phase. Air temperatures and the amounts of precipitation were recorded directly in the study area.
RESULTS AND DISCUSSION
There were considerable diff erences in the onset and duration of phenological phases in individual years of the study period. Besides some other exogenous and endogenous eff ects, air and soil temperatures were the most important factors that infl uenced the onset and duration of phenological phases of woody species (BEDNÁŘOVÁ, KUČERA, 2002; MERKLOVÁ, BEDNÁŘOVÁ, 2005) . The time course of vegetative and generative phenophases of European larch during growing seasons of individual years is presented in Figs 1 and 2, respectively. The eff ect of weather on the onset of individual phenophases and their course was manifested also in our study and corresponded with changing air temperatures. Within the fi een-year study period a slight increase in average air temperatures was recorded in the growing season (i.e. the average number of days a year with a 24-hour average temperature of at least 5 °C) and this obviously could infl uence the onset and duration of individual phenophases (Fig. 3) .
Average dates of onset and duration of individual phenophases in European larch as recorded within the period of 1991-2005 are presented in Tab. I. The average date of needle appearance (10%) fell on the Day 99 of the calendar year and its spread of distribution was 21 days. This observation corresponded both with the average cumulative eff ective air temperature (34.2 °C) and with the minimum temperature at which the breaking of needles took place (8.3 °C). For this phenophase, the measu red maximum was 52.6 °C. In average, the beginning of foliage formation 10% fell on the Day 110 and its spread of distribution was 23 days. For this phenophase the average sum of eff ective air temperatures was 67.3 °C with the minimum and the maximum values of 23.7 °C and 124.0 °C, respectively. The beginning of foliage formation 50% was found out on Day 116 with the spread of distribution of 23 days and average sum of temperatures 92.4 °C. For the onset of this phenological phase the minimum and the maximum sums of eff ective temperatures were 31.9 °C and 166.3 °C, respectively. The average begin-ning of foliage formation 100% was recorded on Day 121 (with a range of 29 days) and the average value of cumulative eff ective air temperatures was 124.0 °C. In this case, the minimum and the maximum sums of temperatures were 45.3 °C and 210.6 °C, respectively. The stage of full (100%) foliage formation (i.e. with fully developed leaf area) began on Day 137 of the calendar year (with the spread of distribution 25 days). In this phenophase, the average sum of effective temperatures was 236.4 °C and the necessary minimal and maximal initial sums of temperatures were 85.4 °C and 340.5 °C, respectively.
The period of photosynthetic activity of the assimilation apparatus of European larch is fi nished by the vegetative phenophase of autumnal yellowing of leaves (needles). In the study area, the average beginning of leaf yellowing (10%) occurred on Day 284 of the calendar year and its spread of distribution was 29 days. This observation corresponded also with the average sum of eff ective temperatures (1 786.5 °C). In this phenophases, the values of minimal and maximal eff ective temperatures were 1 284.6 °C and 2 188.6 °C, respectively. According to CHALUPA (1969) , KRAMER (1996), and LARCHER (1988; 1995) , in the European larch the onset of needle yellowing occurs in the middle of October; this corresponded also with our results. A complete (100%) yellowing of needles was recorded on Day 301 of the calendar year (with the range of 28 days). The average sum of eff ective temperatures was 1 841.1 °C and the minimum and the maximum values of 1 298.4 °C and 2 283.8 °C, respectively. The leaf fall (10%) began in average on Day 302 (with the spread of distribution 38 days); the average cumulative eff ective temperature was 1 840.2 °C. In this phenophase, the minimal and the maximal effective temperatures were 1 298.4 °C and 2 286.1 °C, respectively. The average phenological phase of leaf fall (100%) was recorded on Day 322 and its spread of distribution was only 15 days. In this case, the average sum of eff ective temperatures was 1 863.9 °C. Within the fi een-year study period, the range of minimal and maximal cumulative temperatures for the period from needle appearance to leaf fall (100%) was 1 301.4 °C to 2 336.5 °C. Also these data indicate that within the study period the temperatures were rather variable and infl uenced not only the onset of individual phenological phases but also the total length of growing season.
In European larch the study of generative pheno phases revealed that the variability of their onset and duration was smaller than in the vegetative phenophase in the spring. In the Drahanská vrchovina highlands, butonisation (10%) occurred in average on Day 100 of the calendar year (with the spread of variation 20 days. The average sum of eff ective temperatures was 37.3 °C and the minimal and maximal temperatures of 4.8 °C and 103.7 °C, respectively. The average onset of fl owering (10%) was recorded on Day 110 (with the spread of distribution in individual years of 24 days). 
SUMMARY
In the area of the Drahanská vrchovina Upland, spring and autumnal phenological charakteristics in European larch (Larix decidua Mill.) were monitored and evaluated from 1991 to 2006. The onset and the duration of all important developmental stages of plants year by year in dependence on the course of weather. The eff ect of weather on the onset of individual phenophases and their course was manifested also in our study and corresponded with changing air temperatures. Within the fi fteen-year study period a slight increase in average air temperatures was recorded in the growing season (i.e. the average numbers of days a year within a 24-hour average temperature of at least 5 °C) and this obviously coul infl uence the onset and duration of individual phenophases. The onset of phenological and growth phases in the temperate woody species is infl uenced by day air temperature exceeding 5 °C because at the temperature 5 °C plants start or stop growing, reduce metabolic reactions and ener gy transformation. It was found out that in the fi rst half of the growing season the onset of individual phenological phases is dependent above all on temperatures, i.e. on the exceeding of a certain temperature limits. As usual, the beginning of leaf apperance and their development or on fl owering is possiblle only when the soil and air temperatures exceed a certain critical point, which is characteristic for each individual phenophase. The induction /onset of individual phenophases does not depend on threshold values but on sums of temperatures. In the spring, the spread of variation in the onset of individual phenophases and in their duration was greater than in the autumn.The average date of needle appearance (10%) fell on the Day 99 of the calendar year and its spread of distribution was 21 days. In average, the beginning of foliage formation 10% fell on the Day 110 and its spread of distribution was 23 days. The average beginning of foliage formation 100% was recorded on Day 121 (with a range of 29 days), the stage of full (100%) foliage formation (i.e. with fully developed leaf area) began on Day 137 of the calendar year (with the spread of distribution 25 days). In the study area, the average beginning of leaf yellowing (10%) occured on Day 284 of the calendar year and its spread of distribution was 29 days. A complete (100%) yellowing of needles was recorded on Day 301 of the calendar year (with the range of 28 days). The average phenological phase of leaf fall (100%) was recorded on Day 322 and its spread of distribution was only 15 days. A er the beginning of autumn phenophases, the sum of eff ective air temperatures recorded till the end of growing season ahowed an increasing tendency in recent years. This fact can infl uence physiological functions of woody species. A long -lasting duration of growing season a er the onset of the phenophase of yellowing of leaves can be one of causes of a gradual withering of trees. 
I: Statistical characteristics of the onset of selected phenological phases in European larch

